Skin diseases are a hyperpigmentation, hypopigmentation and melanoma, etc. Among them, recent studies have focused on the hyperpigmentation, which is especially abnormally increased colorations or spots. Hyperpigmentation such as chloasma, coloration or freckles increased abnormally the amount of melanin in the epidermis. [1] [2] [3] [4] [5] Some of the principle causes of hyperpigmentation are exposured to ultraviolet light, genetic reasons, metabolism, inflammation, infection, the endocrine system and reminded scars. [6] [7] [8] Melanin is synthesized in melanosomes of the melanocyte. The formed melanin granules are moved from the melanocytes cytoplasmic extensions to keratinocytes. 9,10) The melanocytes produce melanin by a process that involves the transformation of tyrosine into 3,4-dihydroxyphenylalanine (DOPA) by the enzyme tyrosinase and the subsequent transformation of DOPA into melanin. 5, 11, 12) Tyrosinase is the key enzyme in the pathway of melanogenesis. Tyrosinase plays a regulatory role in the production of melanin.
Melanin is synthesized in melanosomes of the melanocyte. The formed melanin granules are moved from the melanocytes cytoplasmic extensions to keratinocytes. 9, 10) The melanocytes produce melanin by a process that involves the transformation of tyrosine into 3,4-dihydroxyphenylalanine (DOPA) by the enzyme tyrosinase and the subsequent transformation of DOPA into melanin. 5, 11, 12) Tyrosinase is the key enzyme in the pathway of melanogenesis. Tyrosinase plays a regulatory role in the production of melanin. [13] [14] [15] Accordingly, the regulation of tyrosinase may not only control melanin production but also develop new therapy for pigmentation. Pharmaceutical agents which control melanin production or melanin metabolism are used as whitening agents. A number of whitening compounds have been screened for their effectiveness in reducing melanogenesis. 16) Radix Trichosanthis (RT) is the dry roots of Trichosanthis kirilowii MAXIM. (Cucurbitaceae) collected in the spring and fall. It is used in traditional Chinese medicine as an antiphlogistic, antifebrile, and cough remedy. It was also found to be effective as an abortifacient. 17) It was found that the active principle of RT is a basic protein named trichosanthin. 18) Recently, we have demonstrated that the water extracts of RT dose-dependently inhibit melanin synthesis and also abrogate cAMP-induced melanogenesis in B16 cells, but develops cytotoxicity. 19) Thus, it would be important to abrogate the deleterious effects of RT using agents with a more physiological action.
Radix Ginseng (RG) is the dry root of Panax ginseng C.A. MEY. (Araliaceae), a worldwide well-known traditional Chinese medicine with the popular name "ginseng". The wildgrowing or cultivated ginseng root is collected in the fall and used as a tonic. 20) The major constituents of ginseng are the saponins, which include 30 kinds of ginsenoside. 21, 22) Recently, it has been shown that panaxadiol fraction and its ginsenosides could induce the antioxidant enzymes, such as superoxide dismutase and catalase, which are important for maintaining cell viability. 23 ) Also RG possess adaptogen-like effect to foreign deleterious infringement. 24) In view of the above reports, it can be considered that RG inhibits the cytotoxicity caused by RT.
Therefore, the present study was conducted to investigate the effects of RG and RT on the melanogenesis in B16 melanoma cells.
MATERIALS AND METHODS

Sample and Preparation of Extract
RT and RG were standardized articles of the Korean pharmacopoeia (KP). The extracts of RT or RG were prepared by boiling. The dried prescription of herbs (100 g, Shin-Woo Co., Korea) was extracted with distilled water at 100°C for 3 h. After filtration and centrifugation (3200 rpm, 30 min), the solution was concentrated at 4°C with rotary evaporators under reduced pressure. The dried extracts (100 g; yield 9.4% of RT, 100 g; yield 23 .4% of RG) were suspended in Dulbecco's modified eagles's medium (DMEM; Gibco BRL Co., U.S.A.) and used for the actual experiment at suitable concentration. Kojic acid was purchased from Sigma.
Cell Culture B16F10 murine melanoma cells (from Korean cell line bank) were cultured in DMEM with 10% Fetal bovine serum (FBS; Gibco) and penicillin/streptomycin
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(100 IU/50 mg/ml) in a humidified atmosphere containing 5% CO 2 in air at 37°C. For melanin quantification and enzyme activity assays, B16 cells were cultured in 6-well plates, and the cells for western blot experiments were scraped from 10 cm dishes. Determination of Cell Proliferation Using the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium blomide (MTT; Sigma Chemical Co., U.S.A.) based colorimetric assay assessed cell proliferation. Briefly, 0.05% MTT was added to 200 ml of cell monolayer (5ϫ10 3 cells/well in 96-well plates). The plate was incubated at 37°C for 3 h. Then, the supernatant was discarded, and formazan crystals were formed in viable cells which were solubilized with dimethyl sulfoxide (DMSO; Sigma). The absorbance of each well was then read at 540 nm by using microplate reader (VERSAmax, Molecular Devices, U.S.A.). The optical density (O.D.) of formazan formed by control cells was taken as 100%.
Assay of Tyrosinase Activity Tyrosinase activity was determined using a modification of the method described by Martinez-Esparza et al. 25) B16 cells were cultured at 8ϫ10 4 cells/well. After 48 h, the cells were treated with various concentrations of RG or RT. The cells were harvested and the pelleted cells washed twice with phosphate-buffered saline (PBS). The cells were lysed in 150 ml of 0.1 M sodium phosphate buffer (pH 6.8) containing 1% Triton X-100 (Sigma) and 0.1 mM phenylmethylsulfonyl fluoride (PMSF; Sigma). After incubation for 30 min to release tyrosinase from the melanosome membrane, cellular extracts were clarified by centrifugation at 13000 rpm for 30 min at 4°C. The supernatant (50 ml) and 100 ml of 0.1 M sodium phosphate buffer (pH 7.0) were put in a 96-well plate, and the enzymatic assay was started by the adding 50 ml of lysis buffer. Absorbance at 405 nm was read every 10 min for 1 h at 37°C using an ELISA plate reader. The blank was removed from each absorbance value, and a plot of absorbance against time was represented for each condition. The final activity was corrected by the total amount of protein of the dish. Assay of Melanin Content Determination of melanin content was performed with the modified method of Hosoi et al. 26) B16 cells were harvested by trypsinization and transferred to microcentrifuge tubes. After washing twice with PBS, samples were dissolved in 200 ml of 1 M NaOH containing 10% DMSO. The samples were incubated at 80°C for 1 h and solubilized the melanin. The amount of melanin was determined spectrophotometrically by absorbance at 475 nm.
Cell-Pellet Assay For this assay, B16 cells were seeded in a culture dish at a density of 2ϫ10 5 cells. The cells were treated with RG or RT. Following a lapse of given experimental periods, the cells were detached by trypsinization and then collected by centrifugation. Pigmentation of cell pellets was grossly observed in comparison with the control.
Western Blot Analysis For tyrosinase immunoblot detection, B16 cells were lysed in PBS (pH 6.8) containing 1% Triton X-100, 100 IU/ml aprotinin (Sigma) and 1 mM 4-(2-aminoethyl)-benzene-sulfonyl fluoride (AEBSF; Sigma). After voltexing, the extracts were centrifuged at 4°C at 13000 rpm in an microcentrifuge tube for 5 min, and the solubilized proteins were separated on 10% sodium dodecyl sulfate (SDS)-10% polyacylamide gels, and transferred to a nitrocellulose membrane (Amersham, England). Tyrosinase was detected with the polyclonal anti-tyrosinase antibody (Santa Cruz Biotechnology, Inc.) diluted 1 : 500 in the saturation buffer, and with a secondary peroxidase-conjugted antigoat antibody at a 1 : 2000 dilution. After the antibody incubation, it was washed three times using a solution containing 0.05% Triton X-100 and 0.5% powdered skimmilk in a saline buffer. The bolt was developed using the ECL system from Amersham.
Statistical Analysis The values were expressed as meanϮstandard error (S.E.). All data were examined for their statistical significance of difference with Student's ttest.
RESULTS
Effect of RG and/or RT on the Proliferation of B16 Cells
To determine the effects of RG and/or RT on cell proliferation, B16 cells were exposed for 24 h or 48 h to various concentrations of RG and/or RT. RG did not show significant effect on cell proliferation at any concentration (ranging from 10 to 1000 mg/ml) compared with untreated control (Fig.  1A) , whereas RT suppressed cell proliferation in a dose-dependent manner (Fig. 1B) . These results showed that RT at doses of up to 50 mg/ml greatly inhibited cell proliferation, but RG was no effect on the cell proliferation. To examine the effects of RT combined with RG on cell proliferation, B16 cells were treated with various doses of RG in the pres- ence of 25 mg/ml RT. The cell proliferation was decreased in RT alone treatment, compared with untreated control, while the decrease was slightly but significantly prevented by the combined treatment of RT and RG (Fig. 2) .
Effect of RG and RT on the Tyrosinase Activity RT combined with RG or RT alone markedly suppressed tyrosinase activity compared with untreatment control (Fig. 3) . However, the combination of RT and RG showed no significant alterations in tyrosinase activity compared with RT alone treatment group. These results suggested that RG did not affect the inhibition of tyrosinase activity by RT. Kojic acid used as a standard agent inhibited tyrosinase activity.
Effect of RG and RT on the Melanin Content When B16 cells were treated with the combination of RT or RG at various doses, RT combined with RG and RT alone strongly decreased melanin compared with untreated control. There are no significant differences in melanin synthesis between RT combined with RG and RT alone treatment (Fig. 4) . The above results thus indicate that RT combined with RG exhibits a marked suppression of melanin synthesis, and RG did not affect the effect of RT on inhibition of melanin synthesis. Kojic acid inhibited melanin in a dose-related manner.
Observation of Depigmentation When cultured B16 cells were exposed to RG, RT and forskolin, their pellet color was grossly observed (Fig. 5) . When RG was compared with untreated control, the pellet color did not show the difference between RG and untreated control. But RT alone and the combination of RT and RG was observed the reduction in their pigmentation.
The Intracellular Level of Tyrosinase Protein To provide more direct evidence that RT and RG play a role in the regulation of melanogenesis, B16 cells were tested on the expression of the tyrosinase protein. Western blot experiments showed that 25 mg/ml RG did not change the amount of tyrosinase protein compared with untreated control. However, 25 mg/ml RT alone and 25 mg/ml RT combined with 100 mg/ml RG decreased the expression of tyrosinase protein in the cells (Fig. 6 ).
DISCUSSION
The current studies have interested in the pigmentation. In particular, hyperpigmentation is abnormally increased the amount of melanin in the skin.
6,7) Thus, recent many efforts B16 cells were treated with Radix Trichosanthis (RT) at 25 mg/ml and various doses of Radix Ginseng (RG) (ranging from 10 to 1000 mg/ml) for 48 h. The cell proliferation was measured by MTT assay as described in Materials and Methods. Data are expressed as % of control and each column represents the meanϮS.E. of three determinations. Asterisks indicate a significant difference compared with control group, * pϽ0.05; ** pϽ0.01. Number signs indicate a significant difference between RG plus RT and RT alone groups, # pϽ0.05.
Fig. 3. Effect of Radix Ginseng and Radix Trichosanthis on the Tyrosinase Activity
The effect on tyrosinase activity was tested with 25 mg/ml Radix Trichosanthis (RT) , various concentration (ranging from 10 to 1000 mg/ml) of Radix Ginseng (RG) and 250-500 mg/ml kojic acid in B16 melanoma cells for 48 h. Data are expressed as % of control and each column represents the meanϮS.E. of three determinations. Asterisks indicate a significant difference compared with control group, between RG plus RT and RT alone groups, * pϽ0.05; ** pϽ0.01.
Fig. 4. Effect of Radix Ginseng and Radix Trichosanthis on the Melanin Content
B16 cells were treated with Radix Trichosanthis (RT) at 25 mg/ml, various concentrations of Radix Ginseng (RG) (ranging from 10 to 1000 mg/ml) and kojic acid (250, 500 mg/ml) for 48 h on B16 melanoma cells. Data are expressed as % of control and each column represents the meanϮS.E. of three determinations. Asterisks indicate a significant difference compared with control group, ** pϽ0.01. 5 cells/well. The cells were treated with 100 mg/ml Radix Ginseng (RG) alone, 25 mg/ml Radix Trichosanthis (RT) alone, the combination of 25 mg/ml RT and 100 mg/ml RG, and 20 mM forskolin for 48 h.
were focused to understand the mechanical insights of melanogenesis to develop new therapeutic agents against skin pigmentation abnormalities. In this regard, the agents that inhibit tyrosinase activity and melanin production, such as arbutin, kojic acid, vitamin C and its derivatives and placenta extract, are used as skin-whitening agents. [27] [28] [29] [30] Numerous studies have demonstrated that extracts of some herbs with tyrosinase inhibitory activity, e.g., of Atractylis Rhizoma 31) and Euphorbiae Lathyridis Semen, 32) have the depigmenting effects. Our previous study also showed that the water extracts of RT dose-dependently suppressed melanogenesis in B16 cells, but it appeared to be cell toxicity. 19) Thus, the purpose of this study was to investigate the inhibitory effects of RT and RG on the melanogenesis related to hyperpigmentation in B16 cells without cytotoxicity. Matsunaga et al. (1989) reported the decrease in cell growth of B16 cells after panaxytriol of red ginseng treatment. 33) And Ota et al. (1990) also found that ginsenoside RH 2 suppressed the growth of B16 cells dose-dependently. 34) However, Yoon et al. (1994) reported that the water extracts of RG did not decrease cell proliferation in human melanocytes. 35) Our results have shown that the water extracts of RG did not decrease cell proliferation in B16 cells. Chang et al. (1999) reported that panaxdiol and Rh 2 would serve as inducers of antioxidant enzymes. 23) And Kim et al. (1998) reported ginsenoside Rb 1 and Rg 3 significantly attenuated glutamate induced neurotoxicity by preserving the level of superoxide dismutase and inhibiting the production of nitric oxide. 36) Our study was designed with doses of RT and/or RG that were not toxic to B16 cells, and have shown that the combination of RT and RG significantly restored cell proliferation suppressed by RT alone (Figs. 1A 1B, 2) . Thus, these findings suggest that the combination of RT and RG can reduce the cell toxicity caused by RT alone.
Tyrosinase converts tyrosine into dopachrome that is converted to 5,6-dihydroxyindole-2-carboxylic acid (DHICA) by dopachrome tautomerase (DCT), and DHICA polymerase catalyzes the polymerization reaction of DHICA to melanin. [37] [38] [39] Induction of melanogenesis in B16 cells is characterized by the stimulation of tyrosinase activity result from an increase in the tyrosinase protein expression. 40) Then, our study observed the effects of RT and RG on the activities of these melanogenic proteins in B16 cells and found that RT combined with RG was as effective in inhibiting tyrosinase activity as RT alone (Fig. 3) . However, the treatment of RG alone did not affect the tyrosinase activity of B16 cells (data not shown).
Englaro et al. 41) suggested that the increase of tyrosinase activity stimulated melanin synthesis. To investigate more direct evidence whether RT and RG lead to the inhibition of melanogenesis, our study tested the effects of RT and RG on melanin synthesis in B16 cells. Similar to tyrosinase activity, the combination of RG and RT was as effective in reducing melanin formation within 48 h as RT alone (Figs. 4) . Our findings indicate that RT combined with RG may promote the suppression of melanin synthesis, seemingly with a tendency toward suppression of melanin content in the treatment with RT alone.
In Western blot analysis to characterized the expression of tyrosinase protein, RT combined with RG in the present study significantly decreased the amount of tyrosinase protein compared with the extent level of expression in untreated control and forskolin-treated condition (Fig. 6) . In addition, this combination greatly exhibited the depigmented pellet color (Fig. 5) . Mun et al. 19) reported that RT may prevent melanogenesis in B16 cells. Based on these findings, the exact mechanism of this needs to be further elucidated, but the authors suggest that RT combined with RG may inhibit a protein associated with melanogenic activities.
In conclusion, these results clearly demonstrate that the combination of RT and RG is as effective in inhibiting tyrosinase activity, melanin content and tyrosinase protein expression in B16 cells as treatment of RT alone, and raise the possibility that this combination may be useful in the whitening agent for the skin. The B16 cells were seeded at 2ϫ10 5 cells/well. The cells were treated with 100 mg/ml Radix Ginseng (RG), 25 mg/ml Radix Trichosanthis (RT), 100 mg/ml RG plus 25 mg/ml RT and 20 mM forskolin for 48 h. The samples were resolved on a 10% SDS-PAGE gels and transferred to nitrocellulose membrane. Specific detection of tyrosinase was performed with the antibodies polyclonal tyrosinase. Arrow indicates the representative band, and significant changes were noted. Similar results were obtained with repeated experiments.
